BACkgroUnD: In the United States, pimecrolimus cream and tacrolimus ointment are approved as second-line therapy for short-term and intermittent noncontinuous long-term treatment of atopic dermatitis (AD) in nonimmunocompromised patients aged 2 years or older who have failed to respond adequately to other topical prescription treatments (e.g., topical corticosteroids), or when those treatments are not advisable; pimecrolimus is indicated for mildto-moderate AD and tacrolimus for moderate-to-severe AD. Comparative data on the effects of pimecrolimus versus tacrolimus on AD-related health care utilization and costs among similar patients seen in typical clinical practice are currently unavailable.
FoRMulARy MAnAGEMEnT
BACkgroUnD: In the United States, pimecrolimus cream and tacrolimus ointment are approved as second-line therapy for short-term and intermittent noncontinuous long-term treatment of atopic dermatitis (AD) in nonimmunocompromised patients aged 2 years or older who have failed to respond adequately to other topical prescription treatments (e.g., topical corticosteroids), or when those treatments are not advisable; pimecrolimus is indicated for mildto-moderate AD and tacrolimus for moderate-to-severe AD. Comparative data on the effects of pimecrolimus versus tacrolimus on AD-related health care utilization and costs among similar patients seen in typical clinical practice are currently unavailable.
oBjeCTIve: To compare utilization and costs of AD-related medical care in health plan members with AD who had prior use of a topical corticosteroid and who subsequently initiate therapy with pimecrolimus cream or tacrolimus ointment.
MeTHoDS: This was an observational, retrospective study using an administrative claims database with dates of service from August 1, 2000, through october 31, 2003 , and representing approximately 2.5 million members in health maintenance organizations, preferred provider organizations, and Medicare and Medicaid plans mostly located in the cities of Chicago, kansas City, and Phoenix and in the states of kentucky, Florida, and Texas. The study sample included all members with 1 or more pharmacy claims for a topical corticosteroid and a diagnosis of AD (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 691.xx (excluding 691.0x), or 692.xx (excluding 692.0x-692.8x)] who subsequently had 1 or more pharmacy claims for pimecrolimus or tacrolimus. AD-related utilization and medical care costs (plan payments plus member cost share) over 12 months of follow-up were compared between the pimecrolimus and tacrolimus groups. Because information on disease severity was not available in the administrative claims data, propensity matching was used to control for differences between groups in baseline demographic and clinical characteristics and pretreatment utilization of AD-related medical care services.
reSUlTS: Before matching, compared with the tacrolimus group (n = 197), members in the pimecrolimus group (n = 197) were older (mean age of 38 vs. 32 years, P = 0.022), had fewer topical corticosteroid pharmacy claims (mean 2.08 vs. 3.01, P = 0.002), and had fewer grams of corticosteroids dispensed (mean 132 vs. 193, P = 0.029) in the 12 months prior to treatment. After matching, there were 157 members in each group with no statistically significant differences in pretreatment characteristics. During the 12-month follow-up period, the mean (median) number of pharmacy claims was 1.8 (1.0) for pimecrolimus versus 2.0 (1.0) for tacrolimus and the mean (median) grams of study medication were 102 (60) and 105 (60), respectively. Members in the pimecrolimus group received a lower average number of prescriptions for any topical corticosteroids (1.37 vs. 2.04, P = 0.021) and for high-potency topical corticosteroids (0.61 vs. 1.04, P = 0.023) and were less likely to initiate alternative therapy (5% vs. 17%, P <0.001) or receive antistaphylococcal antibiotics (16% vs. 27%, P = 0.014). Members in the pimecrolimus group had lower average (median) AD-related expenditures (75% to 78% attributable to AD drug cost) compared with matched tacrolimus members ($263 [$270 ] vs. $361 [$398], P = 0.012).
A topic dermatitis (AD) is a chronic or relapsing skin disease characterized by itching, redness, and inflammation, with a predilection for the face and extensor surfaces of the extremities in young children and the flexural folds in older children and adults. 1 Although AD typically presents in infancy ConClUSIonS: In health plan members with AD who had previously received at least 1 topical corticosteroid prescription, the customary use of pimecrolimus or tacrolimus was 1 to 2 prescriptions in 12 months of followup and only a median of 60 grams of topical medication. The difference in AD-related utilization and costs between pimecrolimus and tacrolimus was small, less than $100 per year, but favored pimecrolimus. Further research using validated measures of disease severity to control for potential confounding is needed to confirm the results of this observational study. 
What is already known about this subject
• A pooled analysis of 413 adults and 650 pediatric patients participating in 3 randomized studies found that tacrolimus compared with pimecrolimus was more effective based on (1) Investigator Global Atopic Dermatitis Assessment (IGADA), (2) improvement in percentage of total body surface area affected, and (3) improvement in itch scores; tacrolimus and pimecrolimus had comparable tolerability.
What this study adds
• Using propensity matching to control for differences between groups in baseline demographic and clinical characteristics and pretreatment utilization of AD-related medical care services in the absence of explicit classification of disease severity, the present study suggests that in real-world clinical practice, use of pimecrolimus may be associated with fewer pharmacy claims for topical corticosteroids, less utilization of antistaphylococcal antibiotics, and small but lower total costs of AD-related medical care (75% attributable to AD drug cost) compared with tacrolimus.
or early childhood and resolves with advancing age, it may persist into adulthood or commence at that time of life. In industrialized countries, the lifetime prevalence of AD is 10% to 20%. 2 There is evidence that the incidence of AD has increased over the past several decades. 3 AD has a negative impact on patient quality of life [4] [5] [6] and imposes a substantial economic burden on health care systems as well as on patients and their families. [7] [8] [9] [10] [11] Topical corticosteroids and moisturizing therapy have long been the mainstay of pharmacological treatment for AD. Although effective, prolonged use of steroids may lead to skin atrophy, hyperpigmentation, and, rarely, suppression of the hypothalamic-pituitary-adrenal axis. [12] [13] [14] [15] These effects may require the use of alternative topical agents. 16, 17 Pimecrolimus cream and tacrolimus ointment are topical calcineurin inhibitors that are indicated for the short-term and intermittent long-term treatment of AD in immunocompetent patients aged 2 years or older who have failed to respond adequately to topical corticosteroids or who have been advised not to take topical corticosteroids (e.g., due to concerns regarding hyperpigmentation on head and neck areas). 18 Pimecrolimus cream 1% is indicated for all patients aged 2 years and older. The 0.03% strength tacrolimus ointment is recommended for children aged 2 to 15 years and the 0.1% strength is recommended for adults.
Randomized, blinded, vehicle-controlled trials have shown that pimecrolimus and tacrolimus are more effective than placebo vehicle in treatment of AD. [19] [20] [21] [22] [23] [24] [25] [26] They are minimally absorbed and do not produce the adverse effects on the skin that are frequently seen with topical corticosteroids. 27 While the 2 drugs have a similar mechanism of action, they differ in their pharmacological profiles, with pimecrolimus characterized by less skin permeation and systemic immunoreactions than for tacrolimus. 28 Tacrolimus was approved by the U.S. Food and Drug Administration (FDA) in December 2000 and became available in the U.S. market in January 2001; pimecrolimus was approved by the FDA in December 2001 and became available in the U.S. market in March 2002. 18 Importantly, whereas pimecrolimus is indicated for mild-to-moderate AD, 29 tacrolimus is indicated for moderate-to-severe AD. 30 The FDA has mandated a warning of a potential cancer risk from longterm use of topical immunosuppressant calcineurin inhibitors on the basis of animal studies, case reports, and mechanism of action, 31 although a definitive causal link between use of these drugs and cancer has not been established.
In a meta-analysis of 16 noncomparative trials (9 tacrolimus and 7 pimecrolimus) involving a total of 5,301 patients (2,106 for tacrolimus and 1,225 for pimecrolimus), Iskedjian and colleagues reported similar clinical success rates for pimecrolimus and tacrolimus. 32 The populations examined in the trials of pimecrolimus and tacrolimus differed, however, with trials of tacrolimus trials enrolling patients with more severe disease, which may have biased the comparison. 32 Head-to-head comparative clinical studies of pimecrolimus and tacrolimus have had contradictory findings. In a randomized, investigatorblinded study of pimecrolimus (n = 71) and tacrolimus ointment 0.03% (n = 70) in pediatric patients with moderate AD, Kempers and colleagues reported that efficacy based on the Investigator Global Atopic Dermatitis Assessment (IGADA) score was not statistically different between groups. 33 However, patients receiving pimecrolimus had less frequent adverse skin reactions lasting more than 30 minutes and were more likely to rate ease of application as excellent or very good. 33 More recently, in a pooled analysis of the results of 3 randomized comparative studies of pimecrolimus versus tacrolimus involving 413 adult and 650 pediatric patients, Paller and colleagues reported that tacrolimus was more effective than pimecrolimus, based on improvement from baseline to 6 weeks or the end of the study in Eczema Area Severity Index (EASI) (52.8% vs. 39.1%, respectively; P <0.001), IGADA scores (treatment success 62.1% vs. 49.8%, P <0.001), and percentage of total body surface area affected (53.6% vs. 41.0%, P <0.001). 34 The least squares mean itch scores at baseline were 5.6 in both groups, and tacrolimus patients had lower least squares mean itch scores (2.6) at the end of the study (6 weeks) versus 3.3 for pimecrolimus, P <0.001. The safety profiles of the 2 drugs were similar. Although a recent budgetary analysis reported that the addition of pimecrolimus as a treatment would have a minimal impact on AD-related costs for a health plan, 35 and a recent cost-effectiveness analysis suggested that pimecrolimus is a cost-effective alternative for patients with AD, 36 neither of these studies considered tacrolimus.
Although results from clinical trials suggest that there may be differences in efficacy, safety, and tolerability of pimecrolimus and tacrolimus, data on the differences in utilization and costs of AD-related medical care for patients receiving these 2 drugs in typical clinical practice are unavailable. We therefore conducted a retrospective observational health insurance claims-based study to compare AD-related utilization costs in health plan members receiving pimecrolimus or tacrolimus within 1 year following first prescription of either of these agents.
nn Methods Study Design
This was a retrospective observational study comparing the utilization and costs of AD-related medical care among AD patients who had received at least 1 prescription for a topical corticosteroid and who subsequently initiated either pimecrolimus or tacrolimus. Data were obtained from a large administrative claims dataset. Utilization and costs during the 12 months following the first pharmacy claim for pimecrolimus or tacrolimus were compared using propensity score matching to control for differences in demographic characteristics and pretreatment utilization and costs of AD-related medical care. 
Administrative Claims Analysis of Utilization and Costs of Care in Health Plan

Study Sample
To identify the study sample, we selected all members in the database with 1 or more pharmacy claims for a topical corticosteroid between August 1, 2000, and October 31, 2002. The date of the first pharmacy claim for a topical corticosteroid was designated the "steroid start date." From these members, we selected those with 1 or more pharmacy claims for pimecrolimus or tacrolimus between August 1, 2001, and October 31, 2002, and after the steroid start date. The date of the first pharmacy claim for either pimecrolimus or tacrolimus was designated the "index date." The 12-month period prior to the index date was designated the "pretreatment period." The 12-month period subsequent to the index date was designated the "follow-up period." Members meeting the above criteria were then stratified into treatment groups (pimecrolimus or tacrolimus) based on the study medication received on the index date; those with pharmacy claims for both pimecrolimus and tacrolimus on the index date were excluded. Other exclusion criteria were as follows: 1. Fewer than 12 months of continuous eligibility for drug and medical benefits during preindex and postindex periods 2. Less than 1 medical claim with a diagnosis (primary or secondary) of AD (ICD-9-CM 691.xx, excluding 691.0x, or 692.xx, excluding 692.0x-692.8x) during the pretreatment period 3. One or more medical claims with a diagnosis of diaper rash, contact dermatitis, or dermatitis due to substances taken internally (ICD-9-CM 691.0x, 692.0x-692.8x, 693.xx) during the pretreatment period 4. Age less than 2 years as of the index date Because we required 12 months of continuous enrollment prior to the first prescription for pimecrolimus or tacrolimus, the "washout" period for these drugs was 12 months.
Patient Characteristics
Information on age, sex, U.S. Census region, and plan type was obtained from enrollment files for each member. Medical claims during the pretreatment period were scanned to identify members with 1 or more encounters for other inflammatory conditions of the skin and subcutaneous tissue (ICD-9-CM 690.xx-698.xx, excluding codes for AD described above), staphylococcal infection of the skin and subcutaneous tissue (ICD-9-CM 041.1x and 680.xx-709.xx), and nonspecific dermatitis (ICD-9-CM 692.9x).
Measures of Utilization and Costs
For each member, we calculated several measures of utilization and costs during the 12-month pretreatment and followup periods. Utilization measures included the total number of pharmacy claims and grams of low-potency topical corticosteroids (e.g., hydrocortisone cream or ointment 1.0% or 2.5%, fluocinolone acetonide cream 0.01%), medium-potency topical corticosteroids (e.g., triamcinolone acetonide cream or ointment 0.025% or 0.1%, betamethasone valerate cream or ointment 0.1%), and high-potency topical corticosteroids (e.g., clobetasol propionate cream or ointment 0.05%, fluocinonide cream or ointment 0.05%) during the pretreatment and follow-up periods. 37 We also identified members who had pharmacy claims for antihistamines, systemic immunosuppressives, or antistaphylococcal antibiotics during the pretreatment and follow-up periods as well as those who had pharmacy claims for the alternative study medication during the follow-up period (i.e., tacrolimus if in the pimecrolimus group and pimecrolimus if in the tacrolimus group). We also calculated for each member the number of AD-related visits to specialists (allergist, dermatologist, or immunologist) and nonspecialists during the pretreatment and follow-up periods. Visits were classified as AD-related if there was a diagnosis of AD (ICD-9-CM 691.xx excluding 691.0x, or 692.xx excluding 692.0x-692.8x) on the claim.
Costs measures included the cost of AD-related visits (as defined above), the costs of AD-related medications, and total AD-related costs (i.e., the costs of AD-related visits plus the cost of AD-related medications) during the pretreatment and followup periods. AD-related medications included pimecrolimus, tacrolimus, topical corticosteroids, antihistamines, systemic immunosuppressives, and antistaphylococcal antibiotics. The cost for each claim was defined as the sum of plan payment and member cost share (i.e., allowable charge). In calculating measures of utilization and costs, office visits occurring on the index date were assigned to the pretreatment period, while pharmacy claims occurring on the index date were assigned to the follow-up period.
Statistical Analyses
Demographic characteristics, as well as measures of utilization and costs of AD-related medical care during the pretreatment and follow-up periods, were compared between the treatment groups using chi-square tests for categorical variables and the Student t test for continuous variables. To control for differences between groups in baseline characteristics, we also compared measures of utilization and costs during follow-up among propensitymatched members in the pimecrolimus and tacrolimus groups. 38, 39 Propensity scores were calculated for all members by estimating a logistic regression model with treatment group as the dependent variable and selected patient demographic characteristics and pretreatment measures of AD-related utilization as independent variables. The latter included age, sex, region, plan type, pretreatment diagnosis of other inflammatory skin condition, pretreatment claims for antistaphylococcal antibiotics, antihistamines, or systemic immunosuppressive medications, numbers of pretreatment AD-related specialist and generalist visits, and numbers of pretreatment steroid claims. The propensity score for each member was defined as the predicted probability (range: 0.0-1.0) of receiving pimecrolimus conditioned on the observed values of the other characteristics. Matched pairs of pimecrolimus and tacrolimus members were identified using a greedy matching technique so that the maximum difference in propensity score between paired members was 0.1. 40 Because tacrolimus is available in 2 dosage forms (0.03% and 0.1%) and clinical effectiveness might differ by formulation, we conducted a secondary analysis in which we compared members receiving pimecrolimus with matched members receiving tacrolimus 0.1%. All analyses were conducted using SAS Proprietary Software, Release 9.1 (Cary, NC).
nn Results
Study Sample
We identified 17,341 members who had 1 or more pharmacy claims for a topical corticosteroid between August 1, 2000, and October 31, 2002 (see Figure) . Of these, 1,502 had a pharmacy claim for pimecrolimus or tacrolimus between August 1, 2001, and October 31, 2002. These 1,502 members included 832 who had claims for pimecrolimus on the index date and 662 who had claims for tacrolimus on the index date, as well as 8 members who had claims for both tacrolimus and pimecrolimus on the index date and who were therefore excluded from the analysis. In the pimecrolimus group, 496 (60%) were excluded because they did not have a pharmacy claim for topical steroids prior to 
Flowchart of Study Subjects
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Pretreatment Characteristics
The pretreatment characteristics of study subjects for the full and propensity-matched samples are shown in Table 1 . Before matching, members receiving pimecrolimus tended to be older than those receiving tacrolimus (mean 38 vs. 32 years, P = 0.022) and were less likely to be enrolled in HMOs (55% vs. 67%, P = 0.013). Members in the pimecrolimus group received fewer pharmacy claims for topical corticosteroids (mean 2.08 vs. 3.01, P = 0.002) and fewer total grams of topical corticosteroids (mean 132 vs. 193, P = 0.029) during the pretreatment period than did those in the tacrolimus group. They also had fewer pretreatment AD-related nonspecialist visits (mean 0.63 vs. 0.87, P = 0.020) and lower pretreatment costs of AD-related pharmacy claims (mean $50 vs. $78, P = 0.029). The 2 groups were similar in terms of sex, region, pretreatment diagnoses for other skin conditions, and use of antihistamines, systemic immunosuppressives, and antistaphylococcal antibiotics. After propensity score matching, there were no statistically significant differences in pretreatment characteristics between groups. Mean age was 34 years in both the pimecrolimus and tacrolimus groups (P = 0.842). Mean total pharmacy claims for topical corticosteroids during the pretreatment period were 2.25 and 2.28 in the pimecrolimus and tacrolimus groups, respectively (P = 0.925). Mean total AD-related costs during the pretreatment period were $195 for the pimecrolimus group and $201 for the tacrolimus group (P = 0.865).
Utilization and Costs During Follow-up
Measures of utilization and costs during follow-up for the full and propensity-matched samples are shown in Table 2 . Before matching, members who received pimecrolimus had fewer total pharmacy claims for topical corticosteroids (mean 1.32 vs. 2.30, P <0.001) and fewer total grams of topical corticosteroids (mean 82 vs. 193, P = 0.015) during follow-up than had members who received tacrolimus. Pimecrolimus members also were less likely to receive tacrolimus during follow-up than were tacrolimus members to receive pimecrolimus during follow-up (5% vs. 17%, P <0.001). Utilization of concomitant medications was similar in the 2 groups. Members receiving pimecrolimus had fewer total AD-related visits (mean 0.84 vs. 1.18, P = 0.024) but not fewer AD-related specialist visits (mean 0.61 vs. 0.85, P = 0.054. They also had lower total costs of AD-related medical care (mean $258 vs. $440, P <0.001), primarily due to lower costs of AD medications (mean $198 vs. $349, P <0.001).
Differences between groups in study outcomes during the follow-up were generally attenuated by propensity matching. Nevertheless, even after matching, members in the pimecrolimus group had fewer pharmacy claims for topical corticosteroids during follow-up than had those in the tacrolimus group (mean 1.37 vs. 2.04, P = 0.021); this difference was largely due to fewer claims for high-potency topical corticosteroids among pimecrolimus members (mean 0.61 vs. 1.04, P = 0.023).
Fewer pimecrolimus members had pharmacy claims for antistaphylococcal antibiotics during follow-up than had the matched tacrolimus members (16% vs. 27%, P = 0.014). Total AD-related costs during follow-up also were lower among propensity-matched members receiving pimecrolimus (mean $263 vs. $361, P = 0.012).
Pimecrolimus Versus Tacrolimus 0.1%
Of the 197 members who met all criteria for inclusion and initiated therapy with tacrolimus, 144 (74%) received tacrolimus 0.1% on the index date. After matching these members to those receiving pimecrolimus, using propensity scores, we found that there were 122 matched pairs of pimecrolimus and tacrolimus 0.1% members. Results from this analysis (Tables 3 and 4) were generally similar to those comparing pimecrolimus with both formulations of tacrolimus. After matching, members receiving pimecrolimus on their index date had fewer pharmacy claims for high-potency topical corticosteroids during follow-up (mean 0.70 vs. 1.13, P = 0.047), were less likely to switch therapy during followup (5% vs. 16%, P = 0.006), and were less likely to have a pharmacy claim for an antistaphylococcal antibiotic during follow-up (mean 16% vs. 28%, P = 0.020) than were those who received tacrolimus 0.1%. Total AD-related expenditures were not significantly different between the 2 groups in the 12-month follow-up period (mean $308 for pimecrolimus versus $376 for tacrolimus [P = 0.137]).
nn Discussion
We conducted a retrospective observational comparison of utilization and costs of AD-related medical care in health plan members with AD who received topical corticosteroids and subsequently initiated therapy with pimecrolimus or tacrolimus. After attempting to control for differences between groups using propensity matching on baseline clinical characteristics and pretreatment utilization of AD-related medical care, we found that pimecrolimus members had fewer pharmacy claims for topical corticosteroids, were less likely to switch therapy, were less likely to receive antistaphylococcal antibiotics, and had lower costs of AD-related medical care during follow-up than had corresponding tacrolimus members. A recent pooled analysis of 413 adults and 650 pediatric patients participating in 3 randomized studies found that tacrolimus was more effective than pimecrolimus, based on a variety of measures. 34 A randomized, investigator-blinded study of pimecrolimus and tacrolimus ointment 0.03% in 141 pediatric patients reported similar efficacy with pimecrolimus and tacrolimus but superior local tolerability and more favorable ratings of product characteristics with pimecrolimus. 33 While we did not examine these specific outcomes in our study, it is possible that the differences in outcomes that we observed were due to differences in tolerability and patient perceptions regarding product characteristics that have been reported elsewhere.
Administrative Claims Analysis of Utilization and Costs of Care in Health Plan Members With Atopic Dermatitis Who Had Prior Use of a Topical Corticosteroid and Who Initiate Therapy With Pimecrolimus or Tacrolimus
Utilization and Costs of AD-Related Care During Follow-up for Full and Propensity-Matched Samples of Pimecrolimus and Tacrolimus Patients*
33
Limitations
First and foremost, this was a retrospective, observational study using health insurance administrative claims data. Such studies are useful for examining outcomes in "real world" settings where patient selection and treatment conditions are more inclusive than are typically done in tightly controlled randomized controlled trials. Because treatment with pimecrolimus or tacrolimus was not randomly assigned, it is possible that our findings were due to confounding factors that were not accounted for in our analyses. Of particular importance is the issue of disease severity. Pimecrolimus is approved for use in the United States in patients with mild-to-moderate AD, 29 whereas tacrolimus is approved for use in patients with moderate-to-severe AD. 30 One would expect, therefore, that members receiving pimecrolimus would have less severe disease than those receiving tacrolimus. Indeed, we found that members in the pimecrolimus group utilized less topical corticosteroid and had fewer visits in the pretreatment period than had those in the tacrolimus group. Also, members who received pimecrolimus were less likely to have received topical corticosteroids prior to therapy initiation. Although we attempted to control for these differences by selecting patients who received prior steroid therapy and by using propensity-score matching, we lacked information on disease severity and were unable to control for it directly in our analysis.
Second, since we required AD patients in this study to have received at least 1 prior pharmacy claim for a topical steroid, we may have excluded many patients who were using only overthe-counter (OTC) topical steroids because OTC topical steroid use was not measured. We also do not know the extent of OTC topical steroid use during the 12-month follow-up period.
Third, our sample size was relatively small, which precluded subgroup analyses based on baseline characteristics such as age, sex, level of pretreatment utilization of steroids, or dosage or intensity of treatment with pimecrolimus or tacrolimus.
Fourth, because our sample was drawn from members in a variety of health plans offered by a single large U.S. health benefits company, our findings may not be generalizable to patients in other countries, regions, or types of health plans.
Fifth, we did not evaluate a control group of AD patients who received only corticosteroids and neither tacrolimus nor pimecrolimus. Although this group of patients might have provided additional information about the value of tacrolimus or pimecrolimus compared with corticosteroids, it is likely that any comparison would be confounded because receipt of topical calcineurin inhibitors is very probably highly correlated with response to topical steroid therapy.
nn Conclusions
We found that compared with health plan members who used tacrolimus, members with AD who used pimecrolimus and had previously received at least 1 topical corticosteroid prescription received fewer pharmacy claims for topical corticosteroids, were less likely to receive antistaphylococcal antibiotics, and had lower total costs of AD-related medical care. Further research 
